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U~ BHRHA
[ 2580 7 B 2 F 4T AR % )

AERASREMBE ARSI RANRKEETBRR
( Low Density Parity Check Code, LDPC) #4585 16APSK % %89
fiL 7B & T ik e

CNETD

WBAE A % ip B AT A £ 42 3% %] (Forward Error Control, FEC) %
BUFREEN SR MNBEREST %8 - A% F & (Shannon)
&Y TE ¥ o i Hb 3B 13 1@ 18 4 AR T 89 13 3% 4 3tk ( Signal to Noise Ratio ,
SNR) T B & i & &5 (symbol) AT EENEE > B
& & %% R (Shannon limit ) - F%%%ﬁ F A R AR —
FREFUNGCENBRERMRBAFTEMMEENRBH LT X - T &
xR BEE15 (BehefPropagatmn BP) ##5 4y LDPC 7% B &
TN BT AERE > TAREBEAS EMRGMLE

# ' i Yan Li #= William Ryan 2 % # IEEE Communications
Letters’ vol. 9> no.1 January 2005 &5 % % “Bit-Reliability Mapping
in LDPC-Codes Modulation systems( LDPC #5334 4 4 ¥ &9 L 9]
EMEA) T BT FEHRE THRA 8PSK & LDPC 45 ey
FG ARG E - FARAEFRERYIULATESRBRHS RS TRT
RBIFEREHFERH 015 dB eyt - mMAFZERLAKT
BRAT L H A 5t ik > thdw B RS > B @ NS AE o

[#AnE]

AR SEE A H R 16APSK RS 4 4 F a9 Lok 4 H
o BHE A NS N ESHE LDPCE —&ER -

WRIEARBEEY ST b 0 LTk s H kR4 LDPC 2By R
&%F‘Hﬁ%‘é_ o H o S AR iE 16APSK HE 24 F X
T EHKE
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WIFEAZAY LT A > AT/ ek 5324 LDPC %
) 16APSK 24 489 B 4F M A > B 51t 16APSK & % ¥ oy X 42 3%
ﬁ o

WiERBER S EE 0 — 5 R FEC 5548y 16APSK % %
PG T RO KBS BEAHMEE PEBERERE
WAL SR 0 H P S 'JFHE—%‘ FEC #4# 4 16APSK %
Yo BABEZARIEARBEARA e N K AL Tk s %13

RAEAE A % K k] > FEC 4 R MR LDPC 25

BB ARBHEY S EE 5B > FEC 25 & 3k # 8] LDPC 25 -

WIERBERGY SEET5HF FECHERA TH EMRB o

BIEABHEE S BT FECHB LR T4 EHHE -

MBRNBEHANSEE RG] —RBMBELRALCTE B4 %
WEEAER S BERE  BREMER E PSR
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R ARERNREBEREYNHBEMALL Y BEH AL ERYM T
HEF o
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Gallager #£ 60 # 4% % s 4% it LDPC %% - LDPC #& M 4 JF ¥ 38
HBERM - BEAFABHKENMEE Kogp—fr (N> K) LDPC 25 &
(N-K) 7R N7y BaRmEL HER SR HO XS HTLE
AREAEVHEAER— RALERHARBY £ HYETE
TR B > BB R T Blio 0 LT RAFH o Gallager 5 3l
#) LDPC# R AAI > Lk T > TBKREREH B AEEHTE
Fo g & -

R A6y LDPC # A 599k B s IE A R 89 LDPC # - X v 47 &

Foz| R GI o FEMAR 8 LDPC 2B & 4 3] & £ 8 3 Fo 4 5 8 26

p B otk ey B ot % 18 A (degree distribution polynomial )v(x)#v ¢(x)
| R o AR FRA LDPCHETUAR Koo T

d\'max .
v(x) = Z vjx]_1
(1)

Fu

c(x)= diaxc jxj -
s (2)

AP EB A Ao WA RARREHR DB E R R
BrBv(c)RTHEHRSL SRR )HEH 6 E4% (edge)
& » % (fraction) - 8 R JE# A LDPC B R 7T /R TR LR
Rl LDPC 2% % /ju#f 5 > 12 & 32 3 L fo & 5 £ 2R 6%55 B g
BEEWE > MHeyIER R LDPC 254& %R LDPC 25 - B 1 3R 7
%5 K E S e) o M JER B LDPC 45 &) 31 18 KB %EF:?‘%{

LDPC #& & 3 & — 4 B 3% Tanner B & 5~ o 4£ Tanner B ¥ » %%
BMAGHES (B AHE) ) —EHBHENGKHFTHMT
ﬁﬁ%%%i”%(&&%M%)%%f@%%%ﬁfi%LMT
FHE) — T BRRAR MAHLRRGHABEERE EH
%%&i%%%&%%%ﬁﬁﬁﬁ@ R 32 B 2 AP 5 #R T kAR AR
By - BE B —HEHBRBRS —FEEHE -
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2RATwE 1A eyIEARR LDPC 28y — 5 B & T -

RS Ay X a5 LDPC %5 » thio % 3038 45 M 25 Fo 2 R AR
Ho-RAAETBRHRERNEH LDPCHERIT S HBHEBHY o
E%&a‘%ﬁﬁr%&%%ﬁ@“F'E—%‘Jkaia‘r—aé’ﬁ'ﬁéééﬁfﬁb*‘éiéﬁ
LDPC # ({540 > Bk % 2 1& % 47 LDPC Fv 3% % % 47 LDPC %% ) >
%%ﬁﬁ%%%%+%ﬁ%&ﬂ%%%ﬁg%%%é%ﬁ%’ﬁ

BEREBEB Y EFERAECPMEFOREAEENERE YR E
(tradeoffs} MmiF2TESH Féﬁ E o RREIN % B AReE > SRR
HmANT R BN RGNS ABHABERTHUET AR ﬂ%&
SEBEABENTEN - £F — xJ&“P BRBBEREERR
BB EABAN > THERBRAHELATERSGE -

[ B ERBBEKEBBELERGTHBEBEFTHMEOTEH
EE&RAAET—REROWA - HERE I HAFLGHT
BROZBEANRERE - RERIBEFERETELEE MK
HRBAE RELBRERPHEEANTEREEN R RS
#o S RBBEE LT HE— P E 5 AR E (hard decision ) ~
# K k£ (soft decision) Fvi& A = &£ (hybrid decision) & & % -
HEGTREE AR e (bit-flipping, BF) » E42
1%4% (BP) #o ﬁa#fém %04 (weighted bit-flipping, WBF ) #% 2% &
Bk o LB EEL Tanner B A E@BoF » BP BE L4 5

ERRAMAKMRE > B mERRATHEBY E

LDPC # & BP & — 4 % 1% &£ # #5 ( message passing
decoding ) - W E B S B E BT MNEANHENGBE T T EH
&0 25 48 B B 69 #F -1 A b (log-likelihood ratio, LLR) logp° o J&
kfﬂ@;f&‘l’ ’ poﬁﬂpl’\ Bl & w4 AL TEZ O éﬁ#&? BP
REmATOERESR KPS ELZSR - AKFSIHRF
BRERRG I, HFREANERTRETLINATHE EARR, B
-8 -& 8" (bit-to-check) M H MmAFH "KE-2 - "
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(check-to-bit) B > B E /A G s, - AT HE T H T > 518
R ELFERBRTRAERRBRE I, INTAE BEARTLE "R
-3 -t B EMAN MLa-B-RERT OE M B P 48 AR
BARE 2,  c EHRERBETHAINKITANHRBEF R EI K
ReyiERRE -

B EF A BP MABeBEEE M 0 JEMR A LDPC BHH MR %
ERARARFHEEZL - - HBEPFHAEE > Lo
DVB-S2/DAB » # 4 % % ADSL > IEEE802.11n #v IEEE802.16 % >
CEBARELEEHRA $4#EIEHRA LDPC %5 -

LDPC #% &9 P4 15 (threshold) #& & & & & /> SNR & » £ 3%
BT ¢4HBHEFTREMNBEN s mTEH4BEEE -
LDPC #5 Pl ah S E A #0 b 4 4 A & & /&1t (density evolution )
ot T BEREE -

FTREFEALHBASELES =P Gallager 894 R - B € BF
RS AE 0 Gallager # 5 T A £ E KRN T2
% (Bit Error Rate, BER)&y & # > B R K ev# H BER 893 &
R EMTERFTELE AL T ER KRR BER - #1244
F % (alphabet) > 3 E Z st - TE2RRFIEFHEAM TR
%féﬁ X R EA /)ﬁ 19/37}7&‘9 = L_J%C (pdf) ’ ﬁf—sﬁ"ﬁ{%’i‘
pdf FH B REKE T BER - £ 5 & Bk F Ao fr 7T 8 TR IF
+ > &8 % % B2 &R (outgoing belief message) & A %_4'? &
. (incoming belief messages ) &9k B o HWE 4 B9 5 8 B >
BE@BERUET B 11BN BN K&K T
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RE  HNLERBEEELETUEANAGENRY pdf FHHE T
Moy pdf  ERXRTHRFAEFEEBRHORKENAGERGTRELX - B
o FEECRBEEARBSE FEHL > CEEAHUNLEE
MAARFE LR MBE wRH L — L HEE4 I8 E4S BER
BIANBEEFIN o AR ANHBERE 2EHEEFF] x=18)
R BER 2 E M EZN A AR BlcfBEZHILERE
ElEBEE  c ZHFEFELAEOHEEFABEHRE RREH
RPN IEEE ANEEEILY S — BT L Tanner B &
@ B (cyclic free) &y -

RFZERBRE IR ARBHEHOADERLEH LY » B
At B EHLE BTN pdf 94X - HREFETEHEA &
8 % LDPC #%5 > #8 JE &4 Tanner B é.353@ B - % LDPC #5 ¢4 Tanner
ByeE (Bk (girth) e9&k MK EFRN 418 > 3 E LA A
ZEBPABAEE | EARBERIBZE LB RARIL L HPH
HEHERE > gHKEHN %ﬂ‘ﬁ“iﬂ?i]ﬂé‘JL4{§iAéz’@f%/35§
A& o Bt 0 FEEIALTUATAR — 4 LDPC #5aymaitist » A
FRipey “#i” FHERBERENEARAM S

S ERBEAEAWYSEE RS 0 A L% 16APSK 34 a4
LDPC #H @B A4t ~HE - mHIMHNOBRZZAARLCIEEH S
501 Z A SR EALEREMEEZEE 502 24 B 503 - 485
S50l OFERANAEABERY — BTG ETMNG TR - B FHR
MYEREN—FREL - ZEMEANRBE 502 B4 AAE - KA
LDPC #& A %7V i@ 8 502 3] A8y F4# > B4 A 16APSK H %
& A LDPC k56 i U s 38 & 15 SR8 o

6 WAL TE SHBRAKRTHTHMEEHS  AR/HEIR
A LDPC #&4u 16APSK 38 4 - LDPC % 4% % 602 #% & & & 3R 601
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B B RAL T4 25 A LDPC 44 F o # 518 F 33k 2| 518 LDPC 4
BHraisstd LDPC BB BRBRER (RELMAERER) 5%
F oo B R E/HEE R 603 A7 16APSK 4w ek & F £ 4 LDPC 4
BHEFRXENAEAEREL - TEERABAEED B S KL 604
H1EF BB THTHEBERS -

T TE S TAHMEEKRS > ZERSHKA LDPC Hio
16APSK MHA X - il R4 701 B R EE > L FH 5% 3]
RAR/BRER 102 - BB FARBA AL RIS S AISERE
o BB E B EREAEBZINRHH S LDPC #H S
703 M B HBEGBBE T c HER/AIHEE 702 HA
49 16APSK AR A B Ao X 42 R/A % % 603 4 A & 16APSK 3
A T A o

RBEAZAGEBEERG - B 3 AT~ =18 16APSK
fir /U B A AR A E B B RFAEE A oA A T (b4, bditl, bdit2,
bdi+3) > eI s 2 [EA QE > £+ i=0,1,2, ...« L LB
HBEWE 4T REABRAG LSBT Y > Lok ST

(R, sin(7 /12),—R, cos(n /12)),  (b,,.b4,.,,b4,.7-D,,.5) = (0,0,0,0)
(R, sin(7r / 4),—R, cos(7r / 4)), (b4;04101504125b41.5) = (0,0,0.])
(R, sin(7/4),—R, cos(7r/4)),  (by;sb41,15b4,.25b4,.5) = (0,0,1,0)

(R, cos(m/12),—R, sin(7 /12)),  (by;,D,4,.1504,.25b4,.5) = (0,0,L1)
(R, sin(7 /12),R, cos(7 /12)),  (b,,,b,,,,,b4,.,-b,,.5) = (0,1,0,0)
(R, sin(7r/4), R, cos(rr /4)), (byisb4ii15b4,00504,.5) = (0,1,0,1)
(R, sin(wr /4),R, cos(rr /4)), (by;504;,1504,155b4,.5) =(0,1,1,0)

(R, cos(/12),R, sin(7 /12)),  (b,,,b,,.; b4,+2 ,b,.5) =(0,1,1,])

(=R, sin(7 /12),—R, cos(/12)), (b,,,b4,,15D,,.75b4,.3) = (1,0,0,0)
(=R, Sin(z /4)=R, coS(T/4)),  (Bysbysbysasbas) = (10,01
(=R, sin(7/4),—R, cos(w/4)),  (by;+b4.15b4,12504,.5) = (1,0,1,0)
(=R, cos(/12),—R, sin( /12)), (b,,,b64,.15D41.2504,.5) = (LO,1])

(=R, sin( /12),R, cos(7 /12)),  (b,,,b,,.15D41.75b4,.3) = (1,1,0,0)
(=R, sin(7r/4), R, cos(r /4)), (506411150405 045.5) = (L1,0,1)

(=R, sin(7r/4),R, cos(w/4)),  (b,.b4,1:b4:12:b43) = (1,1,1,0)

| (=R, cos(n/12),R, sin(7 /12)),  (b,;,b41,15D41.25041,5) = (LLL1)

,b
,b

(1(1),00) =

11
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A PXBREE

—HEMBIELRL BAKREABREBMAEROESHSE S
BRZHEMAEHROBERS AP HEMERAA 16APSK % 4
H & A% E ok gt (gray mapping) RAL LB & ZE R BEXNRE
BIEBENHBE MR ES AR AEIROMT -

N RXBABE

A digital communication system, having a transmitter to
transmit a digital signal; and a receiver to receive the digital signal;
wherein the digital signal utilizes a 16 APSK system, and the signal is
bit-mapped using gray mapping, and bits of the digital signal are
ordered based on the values of a log likelihood ratio from a

communications channel.
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+ -~ PREAHEH -
1~ —# 16APSK % 4 F ey Bl sk 4 ok - % H ik 45

WS BEEBMER
JEBE BB ZEBAA R

HFPZBMBERALZZANRE T @2 X REAT AT
4 ﬁ_nP Rl AMEHFZ2MR2ZIIFEFE

(R, sin(7 /12),—R, cos(7 /12)),  (b,;,b4;.15b4125b4,.5) = (0,0,0,0)
(R, sin(7r / 4),—R, cos( / 4)), (by;5b41150414250415) = (0,0,0.1)
(R, sin(/4),—R, cos(mw/4)),  (by;,by4115b4125b45) = (0,0,1,0)

(R, cos(rr/12),~R, sin(7r /12)),  (By,+b4re1sBaren-Barss) = (0,0,11)
(R, sin(7w /12),R, cos(7w /12)),  (b,,, b4,+] b,.25b,.5)=1(0,10,0)
(R, sin(7r /4), R, cos(7/4)), (by;sb401504142504,,5) = (0,1,0,1)
(R, sin(7/4),R, cos(r/4)), (by,b415D4,4-04,.5) = (0,1.1,0)

(R, cos(m/12),R, sin(x /12)),  (by;.04,.1:0411204:.5) = (0,1.L1)

(=R, sin(7 /12),—R, cos(7r/12)), (b4 :b41115D4112 4,+3) =(1,0,0,0)
(=R, sin(7r/4),~R, cos(z/4)),  (BybareysBarea-bares) = (1,0,0.1)
(=R, sin(7 /4),—R, cos(7r/4)),  (by;,b4415b4142-04145) = (1,0,1,0)

(=R, cos(7 /12),—R, sin(7 /12)),  (b,;,b4,15D4;425b41.5) = (1,0,1,1)

(=R, sin(7r /12),R, cos(m /12)),  (by;.b4;41,04125D4,.5) = (1,1,0,0)
(=R, sin(zr/4),R, cos(m/4)),  (by.Dy41:b412-041.5) = (1,1,0,])

(=R, sin(/4),R, cos(w/4)),  (by+b441:04102504105) = (1L1,1,0)

(=R, cos(m/12), R, sin(7 /12)),  (By,Bysbyrarsbyss) = (LLLD

(1(1).00)) =

i+1°

2 - $%£§}.7’rlj @;«i 1 BTl = 16APSK 4 4 ¥ ey S Ar o 4
HY %4 %1ER FEC 2 -

3~ —HEMBREASK  LF
BERBACIRGEH S >

Hb o szt A A A FEC %4549 16APSK 240 B
FRAEERAREAEHRETHARS TEENREBRER
00 H B AR bl e M R B 1T SR ey A T AT BRS¢

14



200816650

4 -

W EAGEE 3 ERMEZIHMBE A% £ F 0 % FEC
& 8] LDPC %5 -
WwHFEAGE S 3 AME I EMERE L% £ 0 3% FEC
75 7 JE H R LDPC 2§ -
WwHFEEFGEEE 3 AL IHMBRE AL 0 P 0 % FEC
BARAEHEEAEE
o HFEAGE S 3 Az B MBERE L2400 £ P 0 % FEC
BAERANEL LRS-
—REMBIELSL > I
BB ANBREEMEE EPHMNI=0,1,2,.... 0 Z5
HREANTEY >R HEED — B t(bdi, bditl, bdi+2,
b4i+3)ey s 4 4 38 % & 16APSK 458
(R, sin(r /12),—R, cos(7 /12)),  (b,,.b,;,1,b4,11.b4,.5) = (0,0,0,0)
(R, sin(rr /4),—R, cos(r / 4)), (by,sb4,.15b4,.504,.5) =(0,0,0,1)
(R, sin(rr/4),—R, cos(mw/4)),  (by.b4.,1,b4.2:b4,.5) =(0,0,1,0)
(R, cos(7/12),~-R, sin(7 /12)), (b, b41+1 b,.2,b,,.5) =(0,0,1,1)
(R, sin(rr /12), R, cos(x /12)), (b,,04,,15b4,.7,b4,.5) =(0,1,0,0)
(R, sin(7/4), R, cos(7 /4)), (byi»b41 5 D425 b415) = (0,1,0,1)

(R, sin(rr/4), R, cos(rr/4)),
(R, cos(r /12), R, sin(rr /12)),
(R, sin(7 /12),—R, cos(r /12)),
(—R, sin(7r / 4),—R, cos(r / 4)),
(=R, sin(rr / 4),—R, cos( / 4)),

(1(®),00) =

(=R, sin(7/12), R, cos(x /12)),
(=R, sin(rr/4), R, cos(r / 4)),
(R, sin(7r / 4), R, cos(rr / 4)),

(=R, cos(7 /12), R, sin(r /12)),

(=R, cos(7 /12),—R, sin(rr /12)),

(b b4r+1 b4 +2:Y4 +3) = (0,1,1,0)
b4r+] b4 i+25V4i +3) = (0,1,1,1)
( b41+1 b4/+2 4i +3) = (1,0,0,0)
(By;5b414150411250415) = (1L0,0.1)
(b b4 +1 >b41+2s 4,+3) =(1,0,1,0)
(b4, =b4,+1 ’b4i+27b41+3) = (1,0,1,1)
(b4, > b4i+1 > b4i+2 > b4i+3) =(1,1,0,0)
(b4z =b4z+1 b41+2 41+3) = (1,1,0,1)
(b4,,b4,+1 b4:+2 4,+3) = (1,1,1,0)
(by; 504111504102 04113) = (LLLI)

A > RIZAAEHFEMR2 LSRG FL -

15
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O —HHUMBEARHK > LT

BUE AABREMER EPZERBAEAES
W i=0, 1,2, ....» AR T @ty 16APSK & £ # 16APSK 5 25
H#l%w%daw&méﬂ(Ml b4i+1, bdi+2, b4i+3)4 R &1z B AL 1A :

(R, sin(7 /12),-R, cos(/12)),  (by;.by11504102504105) = (0,0,0,0)
(R, sin(7 / 4),— R, cos(7 / 4)), (B4;3 041415041425 04.3) = (0,0,0,1)
(R, sin(/4),—R, cos(mw/4)),  (by;,b4,1>b4125D4,15) = (0,0,1,0)

(R, cos(/12),—R, sin( /12)),  (by;,b4;415b41125D415) = (0,0,11)
(R, sin(7r /12),R, cos(7 /12)),  (b,;.b4,.1:b4142-b4,.5) = (0,1,0,0)

(R, sin(7/4), R, cos(r/4)), (b,,,0,,.1:b4,,,.b,,.5) =(0,1,0,1)
(R, sin(7/4), R, cos(rm/4)), (by;5b,,01504;1504,.5) = (0,1,1,0)
(R, cos(7/12), R, sin(7 /12)), (byi by 9b41+2’ ss3) = (O,LLI)
(=R, sin(7 /12),—R, cos(7 /12)), (b,,.b,,,;.b4:.55b4,.5) = (1,0,0,0)
(=R, sin( /4),—R, cos( / 4)), (Byi5byri15b402504,.5) = (1,0.0.1)
(=R, sin(7/4),—R, cos(mw/4)), (by;.b4.1-b4125b445) = (1,0,1,0)
(=R, cos(m/12),—R, sin(7 /12)),  (by;, by, 041025 04145) = (LOLY)

(=R, sin(7/12), R, cos(7 /12)),  (by;.b4,01:0411250415) = (1,1,0,0)
(—R, sin(r /4), R, cos(r /4)), (by+04,01504102,04,.5) = (1,1,0,1)
(=R, sin(7/4),R,cos(mw/4)),  (b,,.bs.1:b40.04.5) = (1,1,1,0)

(=R, cos(w /12), R, sin(m /12)),  (by;.b411.b410504,.5) = (LLLL)

(I(D),00) =
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10~ —~ BAE#EMAXNERTREE 22T T  HN
i=0, 1,2, ....> —#& 16APSK A% @2 AN T @) & X wir
7 4 (b4i, bdi+1, bdi+2, b4i+3)mk 4 & 16APSK % #5 :

(R, sin(7 /12),—R, cos(7 /12)),  (by;,b4;15b414704115) = (0,0,0,0)
(R, sin(7/4),—R, cos(m/4)),  (b,.b,,1.b4,2-b4.5) =(0,0,0,1)
(R, sin(7/4),~R, cos(/4)),  (by;,b,.15b,,.5-b4.5) = (0,0,1,0)

(R, cos(m /12),=R, sin(w/12)),  (by;,b4:115b410504,05) = (0,0,L1)
(R, sin(7 /12),R, cos(7w /12)),  (by;,b4;115b411250415) = (0,1,0,0)

(R, sin(7/4), R, cos(7/ 4)), (byisbyiasbiiasbys) = (0,1,0.1)
(R, sin(7 / 4), R, cos(7 / 4)), (By;5b41415041125b41.5) = (0.1.1,0)
(R, cos(m/12), R, sin(7 /12)),  (by;,b4111504125D4,05) = (0,1,L1)
(—R, sin(7 /12),—R, cos(m /12)), (by,.0415b41125b4:.5) = (1,0,0,0)
(=R, sin(/4),—R, cos(m/4)),  (By;,b4,41:b402:0405) = (1,0,0,])
(=R, sin(/4),—R, cos(7/4)),  (by;,by,1-b4.25b4,5) = (1,0,1,0)
(=R, cos(7w /12),—R, sin(7r /12)),  (by;.b441>b41025D4105) = (LOLT)

(=R, sin(7/12),R, cos(m /12)),  (by;.b4,.1:b4125b41.5) = (1,1,0,0)
(=R, sin(7/4), R, cos(r / 4)), (by,+b4,.1:04,.950,,.5) = (1,1,0,1)
(<R, sin(7/4), R, cos(x/4)),  (bysbyurbyynebies) = (LLLO)

(=R, cos(m /12), R, sin(7 /12)),  (by;.b4;,1:04125041.5) = (LLLD)

9> RIRAEFELMR2 IR FEL -

(1(D),00) =
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